Introduction
Phytoalexins are naturally occurring stilbenes reported to act as secondary metabolites in numerous plants. 1 species are known to cause serious global health problems. 18 Hydrazide derivatives are present in numerous biologically active structures and display a wide diversity of biological activities. Among them, antimicrobial activity is most frequently met in the literature. 19−21 Drug design by structural modifications of the known antimicrobial agents is a feasible way to address these issues. Keeping these literature findings in view, a small library of Schiff bases of E -stilbene hydrazide analogues was synthesized and screened for in vitro antimicrobial and antioxidant potential.
Results and discussion
A small library of eight E -stilbene azomethines (5a-5h) was synthesized to evaluate its potential for antimicrobial and antioxidant activity. The chemical structures of the target compounds were analyzed by UV-Vis,
FT-IR,
1 H NMR, 13 C NMR, and mass spectroscopic techniques. The UV-Vis spectra of the E -compounds (5a-5h) are shown in Figure 1 . The λ max (maximum absorption bands) values of compounds 5a-5h were in the range of 361-387 nm ( Figure 1) . A literature search of the λ max values of related stilbene analogues revealed a range of 290-360 nm. 18 The bathochromic shifts observed in compounds 5a-5h can be explained on the basis of extended π -conjugation and the presence of auxochromes (chloro, hydroxyl, nitro, and methoxy groups).
The FT-IR absorption peaks ranging from 960 to 982 cm −1 are assigned to the out-of-plane bending vibration of the C-H bond of the E -ethylene bridge of the stilbene molecule. 18 The FT-IR spectrum of compound 5a is shown in Figure 2 .
1 H NMR spectra also confirmed the identity of specific protons in the synthesized compounds. The chemicals shift ( δ) values (6.85-8.20 ppm) are assigned to the aromatic and olefinic protons of the synthesized compounds. 22, 23 The trans-geometry of olefinic protons in the stilbene structure is confirmed by the presence of two doublets in spectra with large coupling constants ( J = 16-17 Hz). A singlet observed in the range of δ 9.14-9.35 ppm is assigned to the -CH proton of the azomethine moiety of compounds 5a-5h. The 1 H NMR (400 MHz, CDCl 3 ) spectrum of compound 5a is shown in Figure 3 . 13 C NMR and mass spectral studies also confirmed the synthesis of targeted compounds. The 13 C NMR (75 MHz, CDCl 3 ) and mass spectra (electrospray ionization mode) of compound 5a are shown in Figure 4 and Figure 5 , respectively. 
Biological activities

DPPH radical scavenging assay
A variety of mechanisms have been proposed for the antioxidant action in the body. Antioxidants have attracted special attention since the discovery of age-related oxidative stress. 24 The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity of resveratrol was found to be IC 50 = 33.79 µ M. 25 The antioxidant activity of resveratrol is thought to be linked to the presence of hydroxyl groups located at specified positions in its structure.
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The results for DPPH free radical scavenging activity (expressed in terms of IC 50 values) of compounds 5a-5h are collected in Figure 6 . These values range from 22 ± 0.19 to 75 ± 0.21 µ g/mL compared to the standard butylated hydroxytoluene (BHT) with IC 50 = 28 ± 0.10 µ g/mL. The tested compounds (5a-5h) 1 H NMR spectrum of compound 5a.
showed decreasing order of DPPH activity as follows: 5e > BHT > 5d > 5h > 5a > 5c > 5b > 5f > 5g. The highest DPPH activity was shown by compound 5e with IC 50 = 22 ± 0.19 µ g/mL compared to the standard BHT (IC 50 = 28 ± 0.10 µ g/mL). The enhancement of DPPH activity may be due to the increased conjugation mediated by the electron-donating 4-hydroxyphenyl moiety as well as the amide-iminol tautomerism in compound 5e where a push-pull mechanism operates within the molecule. The notion of the antioxidant activity being associated with the push-pull electronic effect in compound 5e is supported by the observed decrease in antioxidant activity for compound 5g, where the electron-withdrawing 4-nitrophenyl moiety exerts the opposite electronic effect (IC 50 = 75 ± 0.21 µ g/mL). Similarly, compounds 5b and 5c with 2-chlorophenyl and 4-chlorophenyl moieties, respectively, showed reduced antioxidant activity compared to compound 5e ( Figure 6 ). As expected, compound 5a, having unsubstituted phenyl moiety, exhibited slightly higher antioxidant activity than compounds 5b and 5c that have 2-chlorophenyl and 4-chlorophenyl moieties, respectively ( Figure 6 ).
The proposed mechanism for the DPPH free radical scavenging activity of the most potent compound (5e) is illustrated in Figure 7 , where an amide-iminol tautomerization promoted by the solvent is shown.
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The amide-iminol tautomerism in compound 5e helps to promote extensive delocalization of the single electron, resulting in greater stability of the DPPH-generated radical. 28 The enhanced stability caused by the electronenriched extended conjugation of the radical generated in the structure of 5e is likely the cause of its antioxidant activity. 
Antioxidant activity via inhibition of linoleic acid oxidation
ROS may attack the polyunsaturated fatty acid chains of cell membranes and start a self-propagation chain reaction, exerting a damaging influence on the cellular and tissue environments. Antioxidants are also effective in scavenging ROS related to the lipid peroxides providing protective health benefits.
The results of the inhibitory effects of the synthesized compounds (5a-5h) on linoleic acid peroxidase are summarized in Figure 8 . and 81.5 ± 0.11% inhibition) ( Figure 8 ). Compounds 5e and 5d with 4-hydroxyphenyl and 2-hydroxyphenyl moieties, respectively, fared slightly better than the standard BHT (81.0 ± 0.21%), whereas compound 5g, having 4-nitrophenyl, showed the least inhibition (46 ± 0.20%). The inhibition of linoleic acid oxidation for the remaining compounds (5h, 5a, 5c, 5b, and 5f) was found to be 73.11 ± 0.19%, 71 ± 0.20%, 65 ± 0.11%, 59
± 0.18%, and 51 ± 0.12%, respectively. The decreasing order of linoleic acid hydroperoxidase inhibition was as follows: 5e > 5d > BHT > 5h > 5a > 5c > 5b > 5f > 5g.
The antioxidant activity seems to be related to the molecular structure, and more precisely to the presence of both azomethine moiety and the auxochromes, particularly the hydroxyl moiety located at the ortho-and para-positions of the aromatic ring as well as an extension of the conjugation into the stilbene molecule. These structural features of compounds may contribute to the expected high radical scavenging effect resulting from the higher stability of the generated free radicals.
Antimicrobial activity
The antimicrobial activity is linked to the presence of strongly electron-withdrawing substituents on the stilbene skeleton. 29 This may result in the formation of charge transfer complexes, which play an important role in enhancing affinity with the membrane proteins. 30 A decrease in activity has been observed for the electron-rich hydroxylated stilbenes, especially against gram-negative bacteria.
Resveratrol detoxifications by extracellular laccases have also been reported. 31 Fungal pathogens may avoid the inhibitory effect of natural stilbenes by oxidative degradation. 31 The natural stilbenes are not suitable for the chemical control of pathogenic fungi. In essence, the compounds that are not prone to oxidative degradation may represent excellent lead structures for developing efficient antimicrobial agents.
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Minimum inhibitory concentrations (MICs) of resveratrol were found to be 119.23 µ g/mL, 171 µ g/mL, and 342 µ g/mL against bacterial strains such as E. faecalis, S. aureus, and P. aeruginosa, respectively. Tables 1 and 2 . The highest antibacterial activity was shown by compound 5g with 4-nitrophenyl substituent moiety. The MIC values of compound 5g against four bacterial strains, E. coli, S. aureus, Klebsiella pneumoniae, and B. subtilis, were recorded to be 0.22 ± 0.03 mg/mL, 0.07 ± 0.05 mg/mL, 0.10 ± 0.03 mg/mL, and 0.06 ± 0.04 mg/mL, respectively (Table 1) . Compound 5g also showed strong inhibition with ZOI diameters of 32 ± 0.07 mm, 33 ± 0.04 mm, 32 ± 0.03 mm, and 33 ± 0.08 mm against E. coli, S. aureus, Klebsiella pneumoniae, and B. subtilis, respectively ( Figure 9 ). Similarly, compound 5f, with a nitro group at the meta-position of the benzene ring, showed significant antibacterial activity against E. coli, S. aureus, Klebsiella pneumoniae, and B. subtilis with ZOI diameters of 27 ± 0.01 mm, 29 ± 0.03 mm, 31 ± 0.03 mm, and 30 ± 0.03 mm ( Figure 9 ) and MICs of 0.29 ± 0.03 mg/mL, 0.09 ± 0.03 mg/mL, 0.12 ± 0.04 mg/mL, and 0.07 ± 0.03 mg/mL, respectively (Table 1) . Compound 5a, having simple phenyl moiety, exhibited only moderate antibacterial activity. The literature reveals that Z -stilbenes show higher inhibition potential against gram-negative bacteria as compared to E -stilbenes. 35 However, these newly synthesized E -stilbene analogues (5a-5h) were found to be more effective against bacterial strains E. coli, B. subtilis, Klebsiella pneumoniae, and Stilbene azomethines 5a-5h displayed moderate to high antifungal activity against tested fungal strains (A. niger, A. flavus, and T. harzianum) as shown in Figure 10 . Compound 5a, having unsubstituted phenyl moiety, showed similar antifungal activity against A. niger compared to the standard drug terbinafine hydrochloride with ZOI diameters of 31 ± 0.06 mm and 31 ± 0.04 mm, respectively. 4-Nitrophenyl-containing compound 5g demonstrated the highest antifungal activity against the tested fungal strains (Table 2 ). Compound 5f with 3-nitrophenyl moiety had reduced antifungal activity in comparison to the 4-substituted compound (5g) ( Table   2 ). This could be explained by the powerful electron-withdrawing nature (negative mesomeric and inductive effect) of the polar nitro group.
Conclusion
In this study, thermodynamically more stable E -stilbene azomethines (5a-5h) were synthesized by using the Mizoroki-Heck reaction as an essential step. It is worth mentioning that most of the compounds showed significant antioxidant and antimicrobial activity. Compounds 5g and 5f demonstrated potent antimicrobial activity, whereas compound 5e with 4-hydroxyphenyl showed strong antioxidant activity. The potent antioxidant activity is linked to the presence of an extended π -conjugated system, which is further enhanced by the presence of auxochromes that promote amide-iminol tautomerism. On the other hand, the antimicrobial effect of the synthesized compounds, e.g., compounds 5g and 5f, seems to be promoted by the presence of the electronwithdrawing groups, such as the nitro group. These extended π -conjugated systems are proposed to generate stable free radicals that may act on the ROS. In sum, the newly synthesized E -stilbene analogues may hold significant potential for use in the food industry as putative detoxifying additives. The current study provides some pointers for further investigation into many other ( E) -stilbene azomethines containing various electrondonating and -withdrawing groups that may serve as potent, safe, and cost-effective antimicrobial agents for the pharmaceutical industry.
Experimental
Chemical reagents
All chemicals were procured from Sigma Aldrich or Alfa Aesar and were used without further purification. The solvents were dried using standard procedures. Melting points were determined with a Büchi 434 melting Table 1 . MICs of compounds 5a-5h against tested bacterial strains. Values are mean ± SD of triplicate assays. Standard = cefradine. Table 2 . MICs of compounds 5a-5h against tested fungal strains. 
Bacterial strains
Chemistry
The synthesis of E -stilbenes 5a-5h is described in the Scheme. 2-Iodobenzoic acid (1) was refluxed with absolute ethanol in the presence of sulfuric acid as a catalyst to furnish ethyl-2-iodobenzoate (2) in 75% yield.
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The resulting ester (2) was subjected to Mizoroki-Heck reaction to furnish E -stilbene (3) in good yield.
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The ester functionality of compound 3 was converted to E -stilbene hydrazide (4) by treatment with hydrazine hydrate (Scheme) in the presence of ethanol as a solvent. 39 The stilbene azomethines (5a-5h) were synthesized by condensation of E -stilbene hydrazide (4) with a variety of aromatic aldehydes (Scheme). 
Synthesis of ethyl-2-iodobenzoate (2)
Ethyl-2-iodobenzoate (2) was prepared using the reported procedure. 
Synthesis of stilbene (3) via Mizoroki-Heck reaction
To a 100-mL round-bottom flask, ethyl-2-iodobenzoate (2) (5.1 g, 0.018 mol), styrene (2.59 mL, 0.0225 mol), triethylamine (5 mL), Pd(OAc) 2 (0.4 g, 0.0018 mol), and triphenylphosphine (0.94 g, 0.0036 mol) were added.
The reaction mixture was stirred at room temperature for 30 min. The reaction mixture was subjected to reflux at 120°C for 12-15 h under argon atmosphere. After completion of the reaction, the reaction mixture was 
Synthesis of E-2-styrylbenzohydrazide (4)
To a 100-mL round-bottom flask E -ethyl 2-styrylbenzoate (3) (2.52 g, 0.01 mol) in absolute ethanol (10 mL) and 80% hydrazine hydrate (2.42 mL, 0.04 mol) were added. The reaction mixture was refluxed until the completion of the reaction. Reaction completion was confirmed with TLC. After the completion of reaction, the remaining hydrazine hydrate and ethanol were distilled off under reduced pressure. 
General procedure (GP-1) for synthesis of compounds 5a-5h
To a 100-mL round-bottom flask E -2-styrylbenzohydrazide (4) (0.5 g, 0.002 mol) and aromatic aldehydes (1.2 eq., 0.0024 mol) were added in the presence of absolute ethanol followed by the addition of a few drops of glacial acetic acid. The reaction mixture was refluxed until the completion of the reaction. Reaction completion was monitored by TLC. After the completion of reaction, the reaction mixture was cooled in a refrigerator overnight. The appeared solid was filtered. Finally, the crude product was crystallized from chloroform to furnish stilbene azomethines 5a-5h in 45%-66% yields.
N '-Benzylidene-2-((E)-styryl)benzohydrazide (5a)
Compound 5a was synthesized from E -2-styrylbenzohydrazide (4) 
N '-(2-Chlorobenzylidene)-2-((E)-styryl)benzohydrazide (5b)
Compound 5b was synthesized from E -2-styrylbenzohydrazide (4) (0.5 g, 0.002 mol) and 2-chlorobenzaldehyde 
N '-(4-Chlorobenzylidene)-2-((E)-styryl)benzohydrazide (5c)
Compound 5c was synthesized from E -2-styrylbenzohydrazide (4) (0.5 g, 0.002 mol) and 4-chlorobenzaldehyde 
N '-(2-Hydroxybenzylidene)-2-((E)-styryl)benzohydrazide (5d)
Compound 5d was synthesized from E -2-styrylbenzohydrazide (4) 
N '-(4-Hydroxybenzylidene)-2-((E)-styryl)benzohydrazide (5e)
Compound 5e was synthesized from E -2-styrylbenzohydrazide (4) 
N '-(3-Nitrobenzylidene)-2-((E)-styryl)benzohydrazide (5f)
Compound (5f) was synthesized from E -2-styrylbenzohydrazide (4) (0.5 g, 0.002 mol) and 3-nitrobenzaldehyde 
N '-(4-Nitrobenzylidene)-2-((E)-styryl)benzohydrazide (5g)
Compound 5g was synthesized from E -2-styrylbenzohydrazide (4) (0.5 g, 0.002 mol) and 4-nitrobenzaldehyde 
N '-(4-Hydroxy-3-methoxybenzylidene)-2-((E)-styryl)benzohydrazide (5h)
Compound 5h was synthesized from E -2-styrylbenzohydrazide (4) (0.5 g, 0.002 mol) and 4-hydroxy-3-methoxy- 
Determination of antioxidant potential of compounds 5a-5h
3.4.1. DPPH free radical scavenging activity DPPH free radical scavenging activity of compounds 5a-5h was determined using BHT as a standard antioxidant according to a reported method. 41 Different concentrations (20, 40, 60, 80 , and 100 µ g/mL) of compounds 5a-5h were prepared. To 1 mL of 0.1 mM DPPH ethanolic solution was added 3 mL of each compound concentration. The solutions were stirred at room temperature for 10 min and then permitted to stand for 1 h in the dark. The absorbance was determined at 517 nm beside ethanol as a blank. Antioxidant activity (D) was calculated by the equation given below:
where A C and A S are the absorbance of the control and sample, respectively.
Ferric thiocyanate (FTC) assay
Inhibitory effects of compounds 5a-5h were assessed by using the FTC assay. 16 To 2.5 mL of linoleic acid emulsion (0.02 M, pH 7) and 2.0 mL of phosphate buffer (0.02 M, pH 7) was added 0.2 mL (100 µ g/mL)
of each compound solutions 5a-5h. Each resultant mixture was incubated at 40°C for 5 days. The mixture without sample was taken as a blank. The incubated mixture (0.5 mL) was mixed with 75% ethanol (5 mL), 30% ammonium thiocyanate (0.5 mL), and 20 mM ferrous chloride in 3.5% HCl (0.1 mL). Then absorbance was taken at 500 nm after 3 min. The % inhibition of peroxidation (IP %) was measured by the equation given below: IP (%) = [1 − (abs.of sample)/(abs.of control)] × 100.
Antibacterial activity
Antibacterial activity of synthesized stilbene hybrid azomethines 5a-5h was determined by measuring their
ZOIs against different bacterial strains by using the agar well diffusion method. 42 The MICs were determined by the serial dilution technique. Cefradine served as the standard antibacterial drug (positive control).
Antifungal activity
Antifungal potential of synthesized stilbene azomethines 5a-5h in terms of ZOIs was evaluated against different fungal strains by using the reported method. 42 The MICs were determined by the serial dilution technique. 
